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[Ml *.%wrt, m&mzmn. mmz&^x&m 

[8?**®:] '>£ < fc t> 2/gro&Bfl4j§ 3 

2, 3 4 ^Ktt®3 3Sr^UT^P,^ MESUS 
jftg2fiS:{b£$5# S * ic $ ft-Ot£3&8£f*Jg 3 4 |c# U 

^ <r>mmvm 3 4 w r * &EpaD l x -;wwt0>si 
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1 

[§ff#« l ] '>ft < k 1 2 J§<03aB£ti», HMmtJB 

mma tm&Lxm-f hiMfm i ws^ett^j; 9 ft 5 

B(lffiBMfcKi|E#gau:£ftTft58B£^KttU Z<o 

m 2 0>K33iBH£ft J; 9 ft 5K3£S£ti-/ii a^ias^r 
ft 5 C i 1--5«^*6^*S1r vir. 

[lff#JS 2 ] HiflS^kS^^ fvihfe $ itfc&fla&i 

<omtk. mt&&&\zzftitmmm<»m\ifc, &n 

m% <r> ft v vWi-esv MwB&ESf £ tvt ft 5 r t 

[lff#Jg3] «fFE(*ffit^m^Ji 5 o-Fe:0,*^ft 

-C ft 5 r i: Sr4#jgc t -f 5 1 * fc 2 fiai^ojl^fi 

[§S*«4] H(rg2«E^r^fPAn<Dfc*ro^2ws^ 

SfllSKfbR^E^gft^StvTftS^iK^W 

k&mmk-rzmxm i ~ 3 m^-r tit>^zm®.<Dm%n 
Etfkmm \mm tsiitzmco&mam t ommmz «t 

d W $ ft T ft 5 r <!: i: 1" 5 Iff jfc^ l ~ 3 <DV vf 
ftTWcgBflgro&^ffijnSijJ&a-fc vir„ 

less® $ tvfc^Ktt® &#&®mm* h ft -5 r k 

[Iff#JS7] (flie^WT^«rEnJ!rai-5fc*<DS^HK 

X-Mn (fcfc'LXIi, Fe.Co.Ni.Cr, 40 
P t, Pd, I r,Ru,RhW5*>eDlffl4fcl42iffi£Ui 
) ^^)^7i^ft5ca:S:*5Fi»i-f5tff*« 

fo®mm±>vtfmzbnxt£zz\k$:¥fmk-rz>miix 

^y K 

R&Bum k mm-t z mmu& n a \z $ ft 5 mmm 
\z®&ztit>-ijfa®i<T>m%,g i jj&$:^ %<r>mmm* so 



1 0- 1 1 256 2 

2 

&mftm±m\zm&t 

&ffi<nmikjjfa&, wmmtfcmtf&wz&ixz&mite. 
miz «t y) fcfet zzkzftmk-tz Qtf$.&&.®&m± > 
[i*5io] is 5 &$L<r>&f5.tm%>%:m± 
<D5.mmm k mm vxmm^mf&-n>nmmzm 

&Mtjm*mzm&i-5mikRfctf t^±* 

[|gWol*i8Bft3ftW] 

[00 0 1] 

*Jffl L tz± 1 Offiiit^jfeiJ J: Vf-^z <r>± $r{@ x_ 
[00 0 2] 

fcAMR (Anisotropic Magnetoresistance) ^ y K 

e^m^<o^e^ts#ifta^*fflv>fcGMR (ci 

ant Magnetoresistance : E^f&§U&}a$8l:&) ^? Kt 

ffi^JK^^iSi^JgSt^^^l-^ t'^/^/uy (Spin 
-Valve) K^aiMWlFjRS 1 5 9 5 1 S^-^iffl©^ 
*$*tTV^. 01Otiai lliAMR^j/ K3R^-#Jig 
«^«5fiK«:*-Ma-Cfc5„ 01 Olc^i-^-y 
feo-cii. ®:SS^ 1 ±fcm^iffe0® 2 kftteVklS (A 
MRW1) 3ir*s®@$n> 3 »^4iSgi5±{z 

h7y?mzft%i-Zf8im : &ibl-tX&.%imteM4, 4i5 

fls^^n, 5!«c^nP)(o±icWfa®5 2)5gi®s^Tfi?^ 

141 1 2 i: ^te® 3 5:^1 

[0 0 0 3] Z <r>m<0 AMR~- y W%Mmife<Otztl>tZ 
it. AMR$*£^1-&&^ 3 K2tL"t 2 otfVWT 

»±, ^^offilc^u-CSK^ (01<OZ*(6j) t? 
^ttJf3<o^Elc*tU-C¥ffi:$tt?.. iffi^. 



(3) 

3 

®8itfcwS5 7>»p>AMR^s> m^m-r^t^x*) 
nzzb&xzz. %2<D'UT*mmt. ififif, 
jrxtwmi. m®.!&fcb&Lm.&m3<nmm\z*tLx 

mi (E!l<OX*|6]) icgMmSii*. Z<T>M'<<1Txm 
r>X&\lt>'<>\>t >^*t> M X*$M-t%z.b, BP 

[0004] flfrEw/^^^^if^y'i'X^ 10 

fi£E@ 6 , 6 *gaiit LTfl£5J§ 6 A> kOiStUK Jfc£fl|ffl 

•r5*j5fe-e*>«?, B2(o*feii % 01 otc^-f^y k* 

[0 0 0 5] *l-c, inr3as^a^ic«t5S5^*i4 

*VS?/<-f 7 *1j&.<Dlif> b * 0 1 3 ICTjH*;* fc* 
ittdg-f* t (D-C, TS&ffeSUi 2 1 -hl.&SStt/g 2 2 b 

#®mm 2 3 1 mM.&ffi®&zm-tz>mmm 2 4 b* 

14125, 2 5iy-K/§26, 2 6 -t^CD 

±tc±§5ite^ys 2 7 srgjitfcfliii-cifes. 0 1 2 \z^-t 

«JBE*JV»-Ctt» &Ba^2 4igSHKf4Jg2 5tf>i35jg 

<D&#Mfi^<o£&fl#^3-lcJ;!K ®8H±fi 2 4 K8t 

'<4 7X#5-Z.btvX® 1 2 <£> B|g*£ (&B£i*Jg 2 4 t 30 
2 6 rt^K&Bft&g 2 5 &mX%M&&m 2 4 t-^^ibtl 

2 2 *»e><ofi?jK^3i^^=¥— lc i 9 8H8£fii:Jg 2 4 ^i- 
©2 4lcfi$^iaE^P><Diin^#*5-%-x.e>n5i: < 

•) mtiMR&fctiixz 5. 

[0 0 0 6] 01 3 iCTHirmmti. T$L&&m 2 1 _h 

8 b#wmw& 2 9 tsaK^jg 2 4 £#1© u sic, 

S&SStfUg 2 4 tf>_tl;:K&BH4Jf 2 5 b ±M1ffim 2 7 £ 
MWmLXMf&tSftX^Z. 01 3K7jrf«&i£K:fcV> 

r feismm-x. mm&ffitovm* 1 9 ic^-x. s 

&fBi£/g 2 5 b 0>SE*»#ttiB£-l-«fc 9 , ^JKtelgJ 2 4 
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frboymtmm^z.bty.zb* y]>-mimm2S(D 

[0 0 0 7] WIE* tfwM^MKrWB U W 

ijfio#Jjg*®ji83)!i^$-a:5A:«>(D«?fiKt L"C> 0 l 4 |c 
^i-i 5 K7 V -SH&tfiJg 7 i#fl£f$*lt!iJg 8 b f^ih 
*>&B*tt/g 9 i: R®m\m 1 0 Srffl® d o®®«s:<D 

SflHtcuK^ li.ii , ZnJuicmw® 12% 

&.vm 7 b0mm*t>mffi s t \;»t*>mmm 9 bR& 

2 b BLmmm l 3 Tf^tpii^, Zti h yyr 

m 1 4izmmzititffimitobiix^z. 

[0008] 01 4\Z7rrtW&XibZ>b. 7V-mm. 

m 7 \z\m&m 1 1 > nth7?^*iRi (@i4©x 
comttfozmi 4<t>a>zijfa wh. yy-mwm 

7 <r>mt1sfa b m&i-Zfifaiz/U 7* £8Mjo fc*<K 
E^k Lfc*tfigT?0* Z *|6)JCI6J It S-tir-Cfe < ^S^ife 
5, BP*>, 86SljK*Ji»P>o«JK (01 4WZ*[6j) let 

f>-f, 7y-^JK|4®7(0*r6ji5lf^Jl:feaHK^9<0 

mikj?fa\z*ti,x9o±o° <Dmmxmi£i-zz.b{z£ 

[0009] flags tvjta&em/g 9 offi{k*ffii*0 1 

4i:01 5<DZ*(6j{C@^$-a:5fc«)l-r±, Jtt!E6«J*# 
imtf*#VMIiraV'>- b\Zt£Z> a 01 4^:01 5(DZ 
<b*I«9i4 s g*t*^fc*lC|l, 'pt£<bh \ 0 0 Oe© 

tb<o%mb u-c0 1 4 i:0 1 5 fc^i-«?iiJcfco-rtt, 

evjfc*^te® 9 izR&imffi 1 0 Srg5fel!$*-Cg9:it 
5 Z b\C X V ± t-525S^H*i4^#4rfUffl L-CV>-5. 

[0010] 7y-^«Ktt®7icBiAn-t-5/WT 

^ti^i©m bp*,. 01 4 ic^-t-ffiigK&^-crau 
7 y -^Kte® 7 <»wm\z.m&m 1 1 «r^»t, 1 

3i«ttS 7 <QpWOTJjcs&a*tf:«;JS 1 3 *^it, 7 v 

-nsmm 7 bfrmrnvm 1 3 b<ommftffix-±c5% 
mgzmmRZ'U r*b Lxmm-rz*m*&m vx 

[001 1 1 £JLt<D«fc 0 Iw. AMR^y K<D^(D«|/<-< 



5 

[0 0 1 2] 

&fl£tti/g, N i FefiiO^MM 

«#££tSK&«H4JB*L--Ctt. F eMnJg*s&<fc] 10 
btlX^Z, L7)>L/id5P>v FeMnili, BMM£dt$ 

5WB#*>5. *fc, KfHttt»©FeMnJBifi 
T-^lcJ:#-f5-i*5*P?>tfCI/>^*v FeMnll: 

9, tti 5 oicojaa-etH^ (^ny^^m* : t 
b) i-**-e, iaSK#Lxmm&&ic£&&Mfej8 20 

[0 0 13] -j?, FeMniOBtttfcyBy*^ 
i&ffiSrSclSLfc&W.!: LT«*.lf. #Bfl¥6 — 7 6 2 4 
7^«lC7n$ixTV^5ffi.il>jE^ffifjgS:Wi-5N iM 
n#&*fc|±N iMnC r&&d5fcS;»S, NiMnJgCD 

^+^-Cfc-5„ NiMnCrill NiMnlO 

n\ crmn\z£9mimttfo±-rzt><o0>. 30 

£ £ T'n .y *^^i&g255{ST LX 9 

[0 0 14] NiMn^itliNiMnCr^ 

O-AfcB&jEfta (fct) JffitiMnhS C u A g - I * 
:/0ttflMiNift$£ £ Lft Ittt tf ft <=>1\ JSfliJ-* 

KOSti^&lc&tt&xatttt&ff&ft'&feTlKK 

9 ig£ ft <Tliftf>ftv PMUtKtrlftTO*. M 

;il£2 5 5tA><b4 S'C^-CKa.-t- 5fci6JCl 7 NrflQ 

(Appl.Phys.Utt. 65(9), 29 August 1994#fiS) 
SWBW**>9» K&X£<C*ms«Ull$|R|£ift< ftoT 

[0 0 15] F eMniO^n •y^^^WS.^Hc 

W-fZ&Wt L-T, N i F e/F eMnflSf|^£2 6 0 
~3 5 0t«)lI-(?2 0-5 0^WlL, 
<fc5t£tftt?N i F e/F eMn#ffil;N i -F e-Mn 3 50 
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Tttt^MifMtt *H*f|F£4 8 0 9 10 9 
^itttSJC^*tvCV^*S, - ro#ifc-eti: F e M n @<D 

ft*© B3ffi^i-C*> 5 U&W-o faJb |c ttftfttf ft v k it 

afire** 5 1 1 1 ic ^.gftsifttos^ffl* 5 2 o ~ 5 o t# 

tt*AyK7'^J icii, RHittttmi: UT» Mnl 
flRtf, NiMn, PtMn. AuMn, RhM 

n,&<ottm**ztix\>*zi>K m&.'&mt&m.w-m^ 
&rtz>&&&%tii&mcMLx<n='*i' bttw&xb 

[0016] Hie, ei 1 4 \zm-r$&-mi&\z3s^x . £ 

Sroliiii, i ifcJ;oT/Mr^asBPAD$nfc7 

i )-mmm i ic*>oxi4, 11,11 ia&mi- 

£ YJyfx.S KSB (El 1 4 ICft-t 1 6 "C^-f ®1&) tf> 

Jttfltf>ffl# 4<8 A fc: Sft: L ft v *7J8tHK k ft •> < , 

ii«>e>n/i:»^lcrail«r4i:s*J-tliiis*>ofc. rofc 
Ell SlC^i-^Mtfr/W r^iSrfflv^fc|g^•^8itJ)^ 

*atfto»si«, ^f^^^wfioas^jstssft 

[0017] El 1 5 ic^i-^ K•>'^</^7'^^Ft»Jt^c^^^^ 
t p vih*5*8'lt^9<DjK{k<o|5ifei| r g^-f soli, 

5^14, RS1814® 1 3, 1 3-Cfc*), KUMKttJBl 0 
tR^8ttMl 3^mm@5£1--5'<#«m<Or6l^li 
9 0' &ft5. ;:-C ( #<Kffi8lro8ft:o*[6j«rS&J{»i- 

5iwi±, mis* mn+fmfem&sttBknmM+T^- 

1 3 ro8fk<D*[6i«r§ti-r fc ft < ST'^-r5S3S8^ 
®i 0(08jt:*fS]*«iJffli1-5ri:tt, «X>TliU^QH 

tffc*. 4 5 0 3 2 ^^{cg24£<D 

icgfttoaiaA^^x. 5 r k k j: •? flr£HH*j*&-*-*tt 

S^fblc^ftX^li^?rH-C# ft t »raJB*s*>5. 

[0018] *%wtmft&mzm&xt££tttih<o 

yy -f X$r«j©j Lfc&ftlgffi&*M-fc^-»r£*g#-f 
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7 

»J/j:|giftiail£g?rffl^T{K*^flft*aa?rgi^|ifltT o 

&m< . ii^^«aaT?sijtT?# s 1 t t> 1 % mum® 

[0 0 19] 

1"5fc«>K, '>/«£< it>2/g(D&8S14Jg;6S, #BH<yg£ 

smm t mm Lxm-t btium i <ow.mm.w- x. «? ft s 

ft5&&teffi&*®ir 9 . MmmtBtefr s * 

it.mmm<r>mti>K ^um^t^^rnxm^zmw. 20 

ie»flS^l®^*?o-Fe.O,*>e>*9, rro«fl3E^i@ 
»saft/<-f T*B£#J; <0 < 3*vcfts S b AW* 

IOO 2 0] *|fiWI-*5V^-C, MfEtffc'M' T^BUflOfc 
S-f SgfrJe© h ? y *<S£;fcttT8Hi8tf-Jg left LXttft 30 

m\zB&znti8.®®&J8 1 z oK&nmm tm® £ ti 

\C £ ttfcttOEttJB Kfi*' W T x # $ fix ft 5 C b # 
#*U^. KtC, (W8Bffi^T^HlJ!lP(Dfc«)<©^2(DS 

R^SHi/gas, X-Mn (fcfc'LXIi, Fe.Co.Ni, 40 
C r, P t. P d. I r, Ru, Rh©HW lfi£fcli2 

»Jffl*^*aH^WxTft*«*^y PttW*. 

(00 2 1] ftftE^wr^Pn*q(Ofc«)(D^i2(o 

fc. S«fgBiE^<'frxEpAn(0fc»e><0^2©5®{Kttfii:BI 50 
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[0022] WSaSSfbSiSGSr @ ftl- Stifcttflttt 

^B£tt^ b foommffi t am® •? <j r * a* 

ttJB*«W«rBB)PUft3*«e>»riSi-S*\ fcSVMi, 

mmm<r>M\tisfaz, m^mmw<ommm<om%m 

*tt(0*iSjSrgfc^i-4 IS<o^icfT 9 ketone i o * 

[0 0 2 3] 

±\z x mmmrn 3 2 1 &mvtm 3 3 1 as^tts 3 a am 

iMSJgStt, 5fefK14®3 4©^iSSl5Jilc:, h5y^lT 

3 5 ^5^^ ssiuKtt® 3 5 ±ic v - m 3 6 t>m 

m$ti%kbi>ic y y-Klg3 6i:®JKtt®3 4?rffio 
mm 3 3 3 4 i: lc<t t) x e^</w^®<D« 

[0024] flf[fB««#J!*Jg 3111, ^©±lCJKfifeS 

ns„ aaiEssHKttja 3 2 . 3 4 at. v>-fni>a«ttft<o 

?9R*»P>ft5*^ ftfrWlCJiN i-Fe^, Co-Fe 
Ni-Co^l Co, N i-Fe -Co 

7>>"bft5. *fc, 3S«Ktt®3 2«rco©^e>, ssattjg 

3 4-SrN i-F e#&®*>C) % fc-5V^«C o® b N i -F 

c o m b n i - f e b <r> 2 mmm t -r 
ftsmm 3 3 ffinic^ c offiz&m-tzm&b-rzz b 

[0 0 2 5] ZiXlt. ft®.®-® 3 3 «r^{4® 3 2 , 3 
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9 

5 0 zWXottZbfrb. %Lm.&M3 2l:CoHM 

Lfc^tt. 3 4 <z>#sa<fe/g 3 3 mzftfenm 

$T?CoJglc|B&LfcWiiriSiiF;£ LV\ Coli: 
*HcE#J L-C&it&< &fi£f£/g 3 4 <z>#8ft±/g 3 10 

7 flic a o \cr>txx&* ic c o mmm < * a a 0 tt 

[0026] ffflK#B*14Jg 33li ( Cu, Cr, Au, 
Agfr£lCft^$ft5#&tt&rt>'b/«£"9. 2 0-4 0 A 
om&zMf&ZtlX^Zo CC.-C*«ttl^3 3CDlf-£a* 
2 0A,fc»)$fV^ 5&&tt/g3 2t$$i&14Jg3 4i:tf>fH] 

#4 0 a <fc yw^b8mmtfi®%:Z±czmEixhz># 

BS&m3 3i:$£fl3ttBg3 2, 3 4 CD#ffiT-fft§l£iX.5<5 20 
^f©$iifiTL. mg£<D#SE&l|Uc«fc9&^«#ta) 

[oo27j mti&&Lm&m 3 5 R&e*^ 3 1 1 

43V^-CXtt, Ru, Rh, Ir, Pd, PtcOV>-ftl> 

i«ife*:tt2«w±^f>fc5::£a5#*Lv\ j^gaoM 

<*>*&HiJ&i§.H?it<tte, S{r£#A (fctjfiHlJJfr^ ; C 

u A u I ffiftft if ) CO «fc 9 ttttRm&Mm-Ctt&t * 30 

y j'^ftift J: o*«s*ifc«ic» flfrgaag^jE* 

A* ifcofliflij MfttNUKIt (c u A u I fl?ig& if) t + 

[0028] fftt£X-M n £-&tf>XtfS*-W&JKli!^-e 

h%®&<nx<o$#&<D&£L^mmn. Ruiiio- 

4 5J0K^%. Rhlil 0~4 0m*%. Irl*10~4 40 
0®^%. PdB10-25If% % Ptlil0~25 
m*%X'h$o &*5, JW±(0fa©lC*3V >T 1 0 ~ 4 5 W. 

?%b&. 1 0®^%a±T*4 5JP?^%tlT&S:9feU 

[00 2 9] rWK^BlJ^SfllitroX-M n 

mmm 3 5 xh%t£b\*%mm 3 4 ic-^f&imfts 

tc «t 9 W<4 r x fcBUnrt-s c b zJST-# , ttfltttJB 3 5 
lcgH-5&fl£tf-Jg 3 4 O^ffl5co^k<0@|55: f vitfe 
-f3 3. *fc, ntfex-Mn£w3-&tDR& 50 
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mm 3 5 -e*> * & e> «» '&*<n>smmm<» f e -m 
n iz it-<xm-kmzmn. * itmrnmi bic *h-* £&h 

Jg3 5£fflV^C£-?ft33&«:lcSK, BSM&fl^lbco 

ime^co^w^ic/w x^^l,ic< < % m&mm 

[0030] B!fg2±Sl5«^® 3 7 »i±SUv—/U K^ttfS 
tWR3^ (Gap) ^®i^-f5fc«>t. Si«ei4®3 4<0fe 
{kES±ife^fcJ6lCg9:lt5®-Cfc5. CW±S5« 

mm 3 7 it a i , o, . if <r>mmttnfrbffifit-rz> 

[00 3 1] iffigE^iK^ 3 4 ±lc£&B*tt/g 3 

5 £^lt3 C t lc«k •? % mmfliffi 3 4 lC-^[SlH^f4«r 
W-5-L-Cia 1 O^PPa {C/^-r*i6]|c^b<0lSl#^^T 

3 2«D^DiUc^$-ti:fc»^Ji^®3 1 let 
0 . %Lmteffi 3 2 <D^{kco|fi) # 5r e LTia 1 co« 
ffilcSjttft b *|&Jlc8J^kco|6i# «r«Jx5 r i riS-C* 5o 
W-h©ctA>^. ^SJ^3 4tOJKfb<D|6j#$rigi b® 

2 CO^PP a ^-|6]|C|S}lt, 3fifi$tt® 3 2 <0|6]# Sr^fp b H 

[oo32]0i ic^i-fiijticjo^T^mjsii, sm, 

fe&C&l&m?- 3 0 IC-ij-/te>;H3. 0 1 IC^-fffijfCfeS 

t£ ha, &m.j)®*m 3 1 ro#ftict •) 3 2;)i 

h 7 y ? ^Twicffi ai-5®^cictjv >x i * ic $ tizm 

mmm 32^34 <om^mtim^± -ntc 

I5^i*lc$tlfc^a't<fe® 3 4cD+jfe8&«D y^iiST 
WlCftS-TS^lc, Y^|6)^!K|-r5«i^E»JKH:*> 

^3 4COSS{tcO|6]#^#|C|Hl$K-r?>tO^, [HjtelC^ 

o-C^ffieiS3j*lR^ 3 0 icffigt£{b>?£ - <r>&fii 

[0 0 3 3] tit, 0llC^1-«?jtlC*3V^tt. 
it^C®3 1 &a-F e.O.A^MLfc^. o-Fe.O. 
I47C* mttiJXh 0 F eMn (Cit^-CW^ttlcMtV, L 

a»t*-*»ifcj*<ii ®ffi»c^v^ns^*) 

So ^cia, 0 1 lZ7F-r%q-ffimz$>iXi±&mjj®*LJ8 

3 l*a-Fe 8 O s 7j^«}/«Lfc755, «K*li^3 1 
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[ 0 0 3 4 J ifcjcgl 3 li, *m*\z&ZW.%te ! tK&i9k-t 

•fcvim, vmtim*.®* 1 1 M>^n>mmm4 2 1 
#m$m 4 3 h 7 y -&sa&g 4 4 &sij§ u-cwrffi^^ 

#<D$Jg#4 5£J|*fifcU COffi®fc4 5cDjSiHIS|K£3§l 

mm 4 6, 46 &m\-t , 4 6 ±ic&8ft4 10 

®47t^m®4 8Sr®^Lr^$tftv^ < , z<om 

8K:|3Vt-CK9MttttJ|4 6li, -?r©*gg|U 6 a iCfc^T 
5&fla±$4 1 1 \fy±#>ms.&®4 2 t#8£tf-/g4 3 

<*Mi]g&£iBi\ 7 v -tewm 4 4 (omu&mz-^ftu 
m&ixm-thix, wmxm* s±.v>mmm4 714 
*<Dnmx7 v -&m&m 4 4 (Dwrnzm^ftum-? 

t tm&ffi 4 7 (»m®frz&wtmm&\z Lfc t>(oxt> 20 

-Cfflv^«SJi^lfi^3 1 irla)^(Ottm»P>^*}. 
Jfc*3£BH4Jg 4 2 tt$te»#j-Cffl^fc&{8tf:Jg 3 2 t mm 

<Dttm>bK 9 , $m&*w® 4 3 Kftnmxm^tcft 

M&®3 3t(5)S?(0«^P>^9. 7 y -3tS£ttJ8 4 4 
Ji5feeo0iJ-efflv^^«Kttl3 4 &RI*«>tmft*e>fc&. 

sfc, Rmm&®4 6tt9z<Dmxm'>itfc%Lmim3 5 
t i3*?tf>tmA>e>ft 0 . &8£{tjg 4 7 \t&&mo>c o n 

bZr. CoFeB, C o F e Z r ft if <D&&t4Jg:fc .fc 
tf*ft&*N i Fe#£*£©*ARttfc0>ttlHKa»lb 30 

[0 0 3 5] 03lC^-r«?ig|C*5^-CI±. S&«rt4/g4 
6 W-^lpJ^ttlC «}; 9 &ffl#feJi 4 7 <Dfi&{t0>|S) £ £g) 

3^H]a*(ftiice>ih«)-r5ti:ti-, mm\>k®4 7 

0)mt<Oft% K&t>&X 7 V -&fl£ttJ§ 4 4 <nmt<7>\(>l 
# £&Efl a U-C«><-f X* ZmM-t 5 r. i: 

T?#5„ Sfc, &fl£;>ji8*:Ji 4 1 lii 0 fVihfe&Siitt 
©4 2K>ffii{h:ro|6lt^ia3^PPb*-[SjlCh , '>lJ:J6i- 
5„ &>±<D£v\Z. 7 U -&8H4Ji 4 4 £ SfcSBttfg 4 7 
&MMZ{t-rzkki 3 \Z7V-%Lfmffi4 4(DJK<t:W(6l 40 
#Srt°vih«)aUKtt®4 2©«fb«Z>|^tlC*f L-CitC££ 
-ar5^t>65-C#5. 8Bft!fe® 4 7 £#,&f?tf>&ffil 

£1^(0-?, *M KU- fj^v* ( h 7 v 9 mAft-Xm.% 

[oo3 6] z<Dj&i&<Dffimiz&^xtts 9t<Drm<r>m 

ift£RM*fc, 7y-3i«K^4 4^SE|Z{bt:$'5ti: 
y-fX«r^i:5Ctft<. &#ft8l^£gf4-C&ffi£fc 50 



!|#BB¥ 10-I 12562 
12 

[0 0 3 7] fclC@4~[II6«4, Sl*fc»lEI3l^-r 

W^hu— y >fWXhZ e z<r>*7<{?5i<D7 ! -<x 

9 KLMfo-TZmXits ^tt»ABSI5 1a, 5 1 
a, 5 1 b i7-^W-^5 1 c^^$tlTV> 

5 i dic&^s*^:/ K5 oa«»ite>*vcv»«. 

[0 0 3 8] Z<D&lX?iii-ffimGtL%.'^'y K5 0f4. @5 

i: 13 6 jclHrffiWiiSr^ J; 5 ft$£«em^ y b'Xtb 

^7^y5i©M'-yy^|iai5idii;, m 

[0039] r (OCajOMR^ y K h , JiB£$tfiSt^*Sr 

MR^yKhill, ^5 lWhU-y ^^«8«HJ 

JC^$nfc-fe^^ h (Fe-Al-Si) t|<0iKtt^ 
^P>ft^TgC^f-y s'7 , ®5 3±|C, (A 12 

03) ft X(D#®BtfniZ <t "9 JIM£nfc-tg|J¥* 3/ 7° 

®5 4*5gg;fte>ttTv^. *LT, ro±SB^-v 
15 411., g*K^JS6t^*lB^tft5iai*rcl4l2I 

3 {zffrtm&<»m.¥kmm9m*. >*im® ^nx^ 

5. Slc-?r<D±lc:tt % T/U5-^ft^e>ft5±S5^ i -Vs' 
7®d5Jg^^H, *<o±lc±»V-;u K®^fife$tvr 

¥ if 7- 47"^ h'hi<DTU=*Tm5StmmiZ&tlX 

[0 0 4 0] 'f^f-f^.y Kh,li. T6B=T^ 
5 5«±IC, ^^>y^6 4*5^$tU, ^Wi^ffi 
Wi^JSg^i: ft 5 J: 5 K/<*- Wk^tbifca^/VJS 6 6 

tmrfL 3^/^66 ttiffe^w® 6 7 ^a*ttr 

V^5. Jfeg:TOJg6 7ro±lC^fife$nfc±6|5='r^6 8 
»4, *©5fe^gC6 8 a SrABSffi5 1 bJCTTSCaT-® 
5 5 \m'bW&ZhVX «JS] U, *<0SSSa$ 68b*T 

S5=T® 5 5 i:te^Wlcgi^$*-tg9:ite>ttTV^. 4 

®6 9i>mttt3ftX^Z> a 
[0 04 1] 4^y?7--< 7"^y Kh«T*tt, aW/l'Jg 

mmmma> ij *z-btiZo -tu-c, m%*\y7°G<r>u% 
nmmzi. 9 Kt* * * ft ? oefltiKftefliftfa* 

r i: *i-Cf 5. 4fc, MR^y Kh, |ct$v> 



13 

[0042] 0lC^1i}?ig(O^Jggt^mffi-t V 

f-ft^SKtt, AhO.-TiC (T/l^y?) fti'cD 10 

\?-j>x'<y?$imv> i ? j r>'<P s i\zm®.i>. *-*J"<rt 

\^&Wi.9—>fv Mia-FejOi*— K N i-F 
jCtt. A r #XEE 3 inTorraT^HSlf l-^Tia 

l. snzJjfZHzmftZftitoUi&h. 9 

S«JilCa-Fe:0 1 A>P>>&2,«K^J8^:®4 1 20 

V Uifyy^^u±^t^Hr^% V ^y'izX*) Yyy? 

&IOK£BtttB4 6 i:#S®^«Stt®4 7 £M(fl4 
8SrSl@^1-5. &^T?@3ro*ftffi8ii:#|fi]lcfiJ#$r 

fn*ntTK , >'ih*^iKtt^4 2&%m-tz> 0 &.±.<D®.m 
iaot t^jh*>$st«n4g4 2 <Dmt<ofa*tmmm 30 

10 0 4 3 ] *3t» 01 !C^1i$jiO^Jgffi$Jfc®ir 
^^rSJit-rSJCtt, {fcffiTjiQ;*:© 3 1 t&8ittif|3 2 

t#s&ttjg 3 3 tmmmz a *mm \^izmz&.mm. 

*©*lc±*(RaJB 3 7 «r»rirt-«. r*t<b<D£- 
ffojftMNctttvc. <fcBfcfjif*:/g 3 i&j£K1-5Rlc 
fi. Bi. 3<oz*[6jtc:ffiai-S^[SjlcK#?rPnADL^ 40 
i 5 6rtKL. KBBttfi3 5 *j£K-i-*RlCI*H 1 , 3 



0- 1 1 2 56 2 

14 

ftoMttf 9 o' m&Lttm i ic^iuui©at««gt« 

[0 0 4 4] 

«±ic x wkfr>9—yy v*fb^xvxy\z^wMzt$. 
mfmsnMsm-t^-v-zw&LK.. 8 -Fe,o 

» d»feft$&ft;*)if *:J3oJgJ9£r 500A, Ni» Fe 
> £&*»?>ft5&S«4JgiaJ£«:3 OA, CuW^ 
affigtf>/gJ9£2 OA, Ni» Fe» ftSMtil 
tt/g»jgj?& 7 5 A, T a ^6/£««flW«>flJ9<r 3 0 

*(nj!C2 0 0 OetO&flftl^lDLfcas^KLjt,, 

[0 0 4 5] &&4ifc8UBtt$:#U 7*hi;y^7 
U r. Q&ofcflgtttt&ropriDl::, J9£ 3 0 0 A<DR& 

BSteJi (PtsoMna) 2 0 0A©*f 8 Sl (C 

OssNbsZr.) iJ9£ 7 0 0 A<75®|gJg£:XA?;y 

.fcOBJHU r<Dg|@»^«cMgB^Ao^#t9 0" & 

&-5#l*lK: 2 0 0 O e <7>ja#SrRlAD Ufc. ftltnic, 
h75'^l2/im, Mb (ia3<OiKBI¥$*|6j<^K 

^) l vmbttZXoizy* hV v zfu±*\z 

-=^L, /nW h*[6j (H3 0itffil?$^rS)) IC2k 

y yft&Jifa (03 **|^|) icfilJ&SrPpADL/i 

*5P>2 5 0 < Ct?5B#(inroK#*T=-/WSrIgLfc„ 
[0046] KHiO©ig*fe-cm?>ttfca^eSi^*S! 

[0 0 4 7] 
[*1] 



(9) 



15 



#9B¥ 10-112562 
16 



smm*m 












(±50 Oe) 


(±50 Oe) 








3.1% 




ML 


ML 


Pd 50 Mn 50 


3.6% 




Mb 


ML 




3.0% 




ML 


Mb 


NI 50 Mn 50 


2.8% 


AW 


ML 


It 


Ru 50 Mn 50 


3.4% 




ML 


ML 


Cr 52 Mn 4B 


2.8% 




ML 


ML 


Fe 51 Mn 4g 


2.9% 




ML 


ML 


I r 15 Mn 85 


; 3.1% 




ML 


ML 


Rh 20 Mn 80 


3.0% 




Ml 


ML 



[0048] 13 7 IC^T-tf ol&#T'<Ojg;6tMl±, 

^*<w-f xt>ji&;M\ Rtwiiatfc^y Kt t-c# 
mtem£%7frfzk&nwLiz Q hk, ±50 oe© 

ffiit»fitn:fft$(4 3 . 1 %Xh 9 , m«>Xmliit)X 

fear tt.WP>^-cfc-5„ dL^mimtvx. p 

tMnUlftx.-CP dMn s PdPtMn, NiMn, R 
uMn, CrMn, FeMn, IrMn, RhMnSr^ 

[0049] fc^lS 8 fi, f>^5fe^, 7 30 

— 7802 2^KSH?l-*5V ,k T^L-CV>5 a-F e* O 

7-7 8 0 2 2 ^KiW#{-fB$i©tt:&W?ii (NiFe/Cu/N 
iFe/FeMn (1 10 A) <Dif8/gfr i: NiFe/Cu/CoPt (80 A) 0>|g/i 
ft) <DFeMn£m*fc«itOfW£FeMnlCfi;iT 
N i 04rfflV^#«S«#ttfe#l2Lfc. C^-CHbp 
»*, S9ftfltttR(CBWLfcN i F el^(0<Kfl:Ste3i5^7 

JC<t5«BS*Sric*i-5o El8^-rJi§^e>, a-F 40 

&h1iiVX^Z>zb#Whi>>\cf£oti e ziiit. a-F 

e « O, 3 ft©*— (6 7 7*0 J» 5 FeMn^Ni 

OKit'<X&\i^l:\zm®lsX^5i><DtB.t>tl?> 0 

[0 0 5 01 JfelC, 09 (A) (a-F 

9 (B) tt-tixSrfflv^c^ifwVkT'fflS^S^*^ 50 



•feVf-OiK^ffieift^^i-,, 09 (A) (B) lC:fcV> 

mux (hj (ho <om^ 

-cia 3 cD£&BH«yg 4 6 icg-rs&BHSji-m, >gic, 

-C v ^ c «k i: ft U , *Wm®X'i*Z <D «fc 5 ftfflffi i: ft 5 

[005 11 

[$gW<D$*] ^±!fcfflLfc ±5^*38^ <S^SU^ 

[0 0 5 21 ^WT^SrPP*ni-5fc*!)OS^JK14®i: 
L-t> X-Mn (fciELXtt, Fe.Co.Ni.Cr.P 
t.Pd, I r, Ru, Rh<Dp*)<01ffi*fcl*2Siiy.-h£- 

) ^&58l&!&»&ft5 , i)<D&ffiv , »Sw£-i\ USA 

fc* * <Dftnx~¥rwm!m*?rt>te < t %®.mx* z 

[0 0 5 3] ^{C, flillBlSjttOfemffi^m-feV^^ 

[0 0 5 41 ftlw, «!/Mr^Bl*P<ofcJf)OS!SKtt^ 



(10) 

17 

[0 0 5 5] HK, E&i&tt/g£^LT$JIfl;&ffij£ 

[0 0 5 6] Ifefc, ^SSWiCfcV^TIi, B^bK&jJS a * 
#lcio X &m&m W^tSffi<0*|6i £ tr > ± ft £ *tfc 

[0 0 5 7] f£/WT*fWrarofcftOK&BSttJg 

mk&m&&&\c£tixtj:z>mM&m<DmMmft<D 
rtx%mfem\mvx*tfa&s.isixxtj:z>zhx. m& 
'UTx&<e[itox>z5bbi>ic. fommnfmnftoy 40 

[0 0 5 8] $zi^ «ifl:Se*i*lc:$itfc^i4® 
M $ fix ft 5 z\ b -e, 3fi^tt/S K-;fr|6]tt£>Bmg;frtt 



4SF0f)¥l 0- 1 1 25 6 2 
18 

[Hi&OffilL&K?]] 

[Hi] *»Wlc«S**«Btt3»iai-fe^«)»l© 
fl2<i£^1-»rffi0. 

[02] 01 jc^-T-fe v^w#&et^tf>6*{fc;tf>fa£ 
Sr^M-0. 

[0 3 j *%w[c&zm%mi%)%m± >v<Dm 2 » 
[@4] *%mizmzm%mL%ssm*^i)-$:ffix_it 
nasi 0 4 * KongBo^fBDia,, 

[0 6 ] 04 \zjtt-fflgm$L^y K«0-gB^»fffii: L 
fc£*&0. 

[07] %m\tm<r>mmtt.&m*7Ftm, 
lias i o-f e! o, zm^m%.mn.®%mtyv 

[09] 09 (a) i*¥>±*>%mim<omt&i&. 

09 (B) l±^ffi^*S-feVf-W^iS6l*i^&* 

•f0„ 

[010] t£ 3fc<D8£^lg#t2&3:gHr >f-^>jg 1 CD01J 

*1-»fffi0o 

[011] yf<D% 2 

*1-Wfffi0„ 

[012] '&&<Dmmmm%m* >w%i 

^i"ifffi0o 

[013] V^<DS4 £0t»JSr 

^•T»rt50o 

[014] ^Jl5<D{2gl}ggt^imi(-fe >W>m 5 WW* 

*i _ WfS0. 

[0i5] &&<Dm%mm%m-t >y-<o% 6 ©m^ 

3 0 ^sst«)*m^ 
31,41 te&tiwxm 
32 saea&g 

3 3. 4 3 #8ft3iJg 

34 &m&m 

3 5 

3 6 <; — 

4 2 bfv±*®jH41 
4 4 7y -&8&tt/g 

4 6 &&mm 

4 7 ^Jltt^ 
4 8 W^M 



*JBB¥1 0-1 1 2 562 



[01] 





[13] 



[®4] 




T 44 O 43 



4 




I 460 



y» b 42 - — a 

[El 5] 



so 

67 66 69 68b 68 66 67 / 6468a 




S3 X,^5lb 

7"' 



AR/Ro=3 




50 ( D ) 




[06] 




51b 



[110] 



-100 -60 0 f50 4101) 
tt* H(Oe> 





i 2 i 



(12) 



10-1 12562 





II 


II 


III 


III 


1 


II 


1 


■ 1 

II 


Ill 


111 


us 


5006496331 


IB. 


2 




(12) United States Patent 

Hasegawa et al. 



(io) Patent No.: US 6,496,338 B2 
(45) Date of Patent: Dec 17, 2002 



(54) SPIN-VALVE MAGNETO RESISTIVE SENSOR 
INCLUDING A FIRST 
ANTIFERROMAGNETIC LAYER FOR 
INCREASING A COERCIVE FORCE AND A 
SECOND ANTIFERROMAGNETIC LAYER 
FOR IMPOSING A LONGITUDINAL BIAS 

(75) Inventors: Naoya Hasegawa, Niigata-ken (JP); 

Masamlchl Salto, Niigata-ken (JP); 
Akiblro Makino, Niigata-ken (JP) 

(73) Assignee: Alps Electric Co., Ltd., Tokyo (JP) 

( • ) Notice: Subject to any disclaimer, the term of this 

patent is extended or adjusted under 35 
U.S.C. 154(b) by 0 days. 

(21) Appl. No.: 09/891,327 

(22) Filed: Jun. 25, 2001 

(65) Prior Publication Data 

US 2001/0050834 Al Dec. 13, 2001 

Related U.S. Application Data 

(62) Division of application No. 08/944,665, filed on Oct. 6, 
1997, now Pat. No. 6,295,186. 

(30) Foreign Application Priority Data 

Oct. 7, 1996 (JP) 8-266359 

(51) Int. CI. 7 G11B 5/39 

(52) U.S. CI 360/324.12; 360/324.11 

(58) Field of Search 360/324.1, 324.11, 

360/324.12, 327.3, 327.32 

(56) References Cited 

U.S. PATENT DOCUMENTS 

4,103,315 A 7/1978 Hempstead et al. 
4,809,109 A 2/1989 Howard et al. 
4,947,541 A 8/1990 Toyoda el al. 

(List continued on next page.) 



FOREIGN PATENT DOCUMENTS 



EP 


676747 A2 • 


10/1995 


JP 


6-103537 


4/1994 


JP 


5-43025 


11/1994 


JP 


5-78919 


11/1994 


JP 


4-315648 


11/1994 


JP 


5-053605 


11/1994 


JP 


5-053612 


11/1994 


JP 


6-314617 


11/1994 


JP 


6-325934 


11/1994 


JP 


6-219144 


5/1996 


JP 


8-138935 


5/1996 


JP 


8-88118 


4/1998 



Primary Examiner — David L. Omctz 

(74) Attorney, Agent, or Firm— Brinks Hofer Gilson & 

Lione 

(57) ABSTRACT 

The present invention provides a spin-valve magnctorcsis- 
tive sensor comprising at least two ferromagnetic layers 
including a first and a second ferromagnetic layers. A first 
antiferromagnetic layer is layered adjacent to the first fer- 
romagnetic layer for increasing the coercive force of the first 
ferromagnetic layer to pin the magnetization direction of the 
first ferromagnetic layer. A pair of second antiferromagnetic 
layers are respectively positioned adjacent to the longitudi- 
nal ends of the second ferromagnetic layer. Further, a pair of 
third ferromagnetic layers are respectively layered adjacent 
to said pair of second antiferromagnetic layers for inducing 
magnetic anisotropy to pin the magnetization direction of 
each third ferromagnetic layer in a direction perpendicular to 
the pinned magnetization direction of the first ferromagnetic 
layer, thereby imposing a longitudinal bias on the second 
ferromagnetic layer to stabilize magnetic domains therein in 
order to suppress Barkhausen noise. The magnetization 
direction of the second ferromagnetic layer remains free to 
rotate in accordance with the direction of an external mag- 
netic field, thereby changing the electrical resistance of the 
sensor. 
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1. Field of the Invention 

The present invention relates to a sensor comprising a 
magnetoresistive element and used as a magnetic head, a 15 
potentiosensor, an angular sensor, and the like, a manufac- 
turing method thereof and a magnetic head comprising the 
sensor. 

2. Description of the Related Art 

As magnetoresistive reading heads (MR heads), AMR 20 
(Anisotropic Magnetoresistive) heads using the anisotropic 
magnetoresistive effect, and GMR (Giant Magnetoresistive) 
heads using spin dependent scattering are conventionally 
known. An example of the GMR heads is the spin-valve 
head disclosed in U.S. Pat. No. 5,159,513 in which high 25 
magnetoresistance is exhibited in a low magnetic field. 

FIGS. 10 and 11 are drawings respectively showing the 
schematic constructions of AMR head element structures. 

The head element shown in FIG. 10 comprises an insu- 
lation layer 2 and a ferromagnetic layer (AMR material 30 
layer) 3 which are laminated on a soft magnetic layer 1, 
antiferromagnetic layers 4 which are laminated at both ends 
of the ferromagnetic layer 3 with a space therebetween 
corresponding to a track width, and electrically conductive 
layers 5 respectively laminated on the antiferromagnetic 35 
layers 4. The head element shown in FIG. 11 comprises a 
soft magnetic layer 1, an insulation layer 2 and a ferromag- 
netic layer 3 which form a laminate, hard magnetic layers 6 
provided on both sides of the laminate to hold it 
therebetween, and electrically conductive layers 5 respec- 40 
lively provided on the hard magnetic layers 6. 

For optimum operation of such AMR heads, two magnetic 
bias fields are required for the ferromagnetic layer 3 exhib- 
iting the AMR effect. 4S 

A first magnetic bias field functions to make the resistance 
of the ferromagnetic layer 3 change in linear response to a 
magnetic flux from a magnetic recording medium. The first 
magnetic bias field is perpendicular (in the Z direction 
shown in FIG. 1) to the surface of the magnetic recording 50 
medium and parallel to the film surface of the ferromagnetic 
layer 3. The first magnetic bias field is generally referred to 
as a "lateral bias" and can be obtained by flowing a sensing 
current through the AMR head element from the electrically 
conductive layers 5. S5 

A second magnetic bias field is generally referred to as a 
"longitudinal bias" and applied in parallel (in the X direction 
shown in FIG. 1) with the film surface of the ferromagnetic 
layer 3. The longitudinal magnetic bias field is applied for 
suppressing the Barkhausen noise produced due to the 60 
formation of many magnetic domains in the ferromagnetic 
layer 3, i.e., causing the resistance to smoothly change with 
the magnetic flux from the magnetic recording medium with 
less noise. 

However, in order to suppress the Barkhausen noise, it is 65 
necessary to put the ferromagnetic layer into a single mag- 
netic domain state. As a method of applying the longitudinal 



bias for this purpose, the following two methods are gen- 
erally known. A first method uses the head element structure 
shown in FIG. 11 in which the hard magnetic layers 6 are 
disposed on both sides of the ferromagnetic layer 3 to 
employ a leakage magnetic flux from the hard magnetic 
layers 6. A second method uses the head element structure 
shown in FIG. 10 in which the exchange anisotropic mag- 
netic field produced in the contact boundary surfaces 
between the antiferromagnetic layers 4 and the ferromag- 
netic layer 3 is employed. 

As an element structure which employs exchange aniso- 
tropic coupling due to the antiferromagnetic layers, the 
exchange bias structure shown in FIG. 12, and the spin- 
valve structure shown in FIG. 13 are known. 

The structure shown in FIG. 12 is classified as the 
structure shown in FIG. 10, and comprises a ferromagnetic 
layer 22, a non-magnetic layer 23 and a ferromagnetic layer 
24 exhibiting the magnetoresistive effect which are lami- 
nated on a lower insulation layer 21, antiferromagnetic 
layers 25 and lead layers 26 which are provided on both 
sides of the ferromagnetic layer 24 with a space correspond- 
ing to the track width TW, and an upper insulation layer 27 
provided on these layers. 

In the structure shown in FIG. 12, a longitudinal bias is 
applied to the ferromagnetic layer 24 due to the exchange 
anisotropic coupling in the boundaries between the ferro- 
magnetic layer 24 and the antiferromagnetic layers 25 to put 
regions B (the regions where the ferromagnetic layer 24 
contacts the antiferromagnetic layers 25 ) shown in FIG. 12 
into a single magnetic domain state in the X direction. This 
brings region A of the ferromagnetic layer 24 within the 
track width into a single magnetic domain state in the X 
direction. A sensing current is supplied to the ferromagnetic 
layer 24 from the lead layers 26 through the antiferromag- 
netic layers 25. When the sensing current is supplied to the 
ferromagnetic layer 24, a lateral magnetic bias field in the Z 
direction is applied to the ferromagnetic layer 24 due to the 
roagnetostatic coupling energy from the ferromagnetic layer 
22. In this way, when the leakage magnetic filed is applied 
to the ferromagnetic layer 24 magnetized by the longitudinal 
magnetic bias field and the lateral magnetic bias field from 
the magnetic recording medium, the electric resistance to the 
sensing current linearly responds to the magnitude of the 
leakage magnetic field and changes in proportion thereto. 
Therefore, the leakage magnetic field can be sensed by a 
change in the electric resistance. 

The structure shown in FIG. 13 comprises a free ferro- 
magnetic layer 28, a non-magnetic electrically conductive 
layer 29 and a ferromagnetic layer 24 which are laminated 
to form a magnetoresistive element 19, and an antiferro- 
magnetic layer 25 and an upper insulation layer 27 which are 
laminated in turn on the ferromagnetic layer 24. 

In the structure shown in FIG. 13, the sensing current is 
supplied to the magnetoresistive element 19. The magneti- 
zation of the ferromagnetic layer 24 is fixed in the Z 
direction due to exchange anisotropic coupling with the 
antiferromagnetic layer 25. Therefore, when a leakage mag- 
netic field is applied from a magnetic recording medium 
which is moved in the Y direction, the electric resistance of 
the magnetoresistive element 19 changes with a change in 
the magnetization direction of the free ferromagnetic layer 
28, and the leakage magnetic field can thus be sensed by this 
change in the electric resistance. 

Other known structures for optimum operation of the 
above structures by employing the spin valve structure 
include the structure shown in FIG. 14 which comprises a 
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free ferromagnetic layer 7, a non-magnetic buffer layer 8, a The exchange anisotropic magnetic field is the phenom- 

pinned ferromagnetic layer 9 and an antiferromagnetic layer enon caused by exchange interaction between the magne- 

10, which are laminated in turn to form a laminate, hard tizing moments of the ferromagnetic layer and the antifer- 

magnctic layers U which are provided on both sides of the romagnctic layer in the contact boundary layer 

laminate, and electrically conductive layers 12 respectively 5 therebetween. As the antiferromagnetic layer producing the 

provided on the hard magnetic layers 11, and the structure exchange anisotropic magnetic field with the ferromagnetic 

shown in FIG. 15 which comprises a free ferromagnetic layer, e.g., an NiFc layer, an FeMn layer is well known, 

layer 7, a non-magnetic buffer layer 8, a pinned ferromag- However, the FeMn layer has a probtem in that since it has 

netic layer 9 and an antiferromagnetic layer 10, which are low corrosion resistance, corrosion proceeds in the process 

laminated in turn to form a laminate, an electrically con- of manufacturing a magnetic head and in operation of the 

ductive layer 12 and an antiferromagnetic layer 13 which are magnetic head, thereby deteriorating the exchange anisotro- 

provided on the upper and lower sides of the laminate to p i c magnetic field, and damaging the recording magnetic 

hold it therebetween at either side thereof, and a buffer layer medium in some cases. It is known that the temperature in 

14 provided adjacent to the whole laminate. the vicinity of the FeMn layer during operation of the 

In the structure shown in FIG. 14, it is necessary that the 5 magnetic head readily increases to about 120° C by heat of 

magnetization direction of the free ferromagnetic layer 7 is the stationary sensing current. However, the exchange aniso- 

directed in the track direction (the X direction shown in FIG. tropic magnetic field produced by the FeMn layer is 

14) in the state where a bias in the track direction is applied extremely sensitive to a temperature change, and substan- 

to the free ferromagnetic layer 7 to put it into a single tialty linearly decreases with a temperature increase to about 

magnetic domain state by the hard magnetic layers 11, and 2Q 150° C. at which it disappears (blocking temperature: Tb). 

that the magnetization direction of the pinned ferromagnetic There is also a problem in that a stable exchange anisotropic 

layer 9 is directed in the Z direction shown in FIG. 14, i.e., magnetic field cannot be obtained. 

the direction perpendicular to the magnetization direction of On the other hand, as an invention of improvements in the 

the free ferromagnetic layer 7, in the state where a bias is corrosion resistance and blocking temperature of an FeMn 

applied in the Z direction to put the pinned ferromagnetic 25 film, for example, the NiMn alloy or NiMnCr alloy having 

layer 9 into a single magnetic domain state. In other words, a face-centered tetragonal structure disclosed in U.S. Pat. 

the magnetization direction of the pinned ferromagnetic Nos. 5,315,468 and 5,436,778 is known. However, the 

layer 9 must not be changed by a magnetic flux (in the Z corrosion resistance of an NiMn layer is higher than that of 

direction shown in FIG. 14) from the recording magnetic the FeMn layer, but is insufficient for practical use. An 

medium, and the magnetization direction of the free ferro- 3Q NiMnCr layer contains Cr which is added for improving the 

magnetic layer 7 is changed within the range of 90±0° with corrosion resistance of the NiMn layer, but has a problem in 

the magnetization direction of the pinned ferromagnetic mat although the corrosion resistance is improved by adding 

layer 9 to obtain linear response of magnetoresistance. Cr, the magnitude of the exchange anisotropic magnetic field 

In order to fix the magnetization direction of the pinned and the blocking temperature are decreased, 

ferromagnetic layer 9 in the Z direction shown in FIGS. 14 35 Further, in order to obtain the exchange anisotropic mag- 

and 15, a relatively large bias magnetic field is required, and netic field in the NiMn alloy or NiMnCr alloy, it is necessary 

this bias magnetic field is preferably as large as possible. In to form a CuAg-I type ordered structure crystal having the 

order to overcome an antiferromagnetic field in the Z face-centered tetragonal (fcl) structure in a portion of the 

direction shown in FIGS. 14 and 15, and avoid fluctuation of antiferromagnetic layer, and it is, of course, necessary to 

the magnetization direction due to the magnetic flux from 40 control ordered-disordered transformation and the volume 

the recording magnetic medium, a bias magnetic field of at ratio of ordered phase and disordered phase. Therefore, there 

least 100 Oe is required. is a problem in that in order to obtain stable properties, 

In the structures shown in FIGS. 14 and 15, this bias control and management of the process for manufacturing a 

magnetic field is obtained by using the exchange anisotropic magnetic head must be significantly complicated. There are 

coupling produced by providing the pinned ferromagnetic 45 also problems in that in order to obtain the necessary 

layer 9 and the antiferromagnetic layer 10 in contact with exchange anisotropic magnetic field, heat treatment in a 

each other. magnetic field must be repeated several times, and in that the 

The bias applied to the free ferromagnetic layer 7 is temperature must be decreased at a low rate, for example, a 
adapted for securing linear response and suppressing the time required for decreasing the temperature from 255° C. to 
Barkhausen noise produced due to the formation of many 50 45° C. is 17 hours (refer to Appl. Phys. Lett., 65(9), Aug. 29, 
magnetic domains. Like the longitudinal bias in an AMR 1994). Thus the treatment time in the manufacturing process 
head, the structure shown in FIG. 14 uses as the bias the is increased, and the efficiency of manufacture deteriorates, 
leakage magnetic flux from the hard magnetic layers U As an invention of improvement in the blocking tempera- 
which arc provided on both sides of the free ferromagnetic ture of the FeMn layer, a method is disclosed in U.S. Pat. No. 
layer 7. The structure shown in FIG. 15 uses as the bias the 55 4,809,109 in which a NiFe/FeMn laminated film is heat- 
exchange anisotropic magnetic field produced in the contact treated at a temperature of 260 to 350° C. for 20 to 50 hours 
boundary surfaces between the free ferromagnetic layer 7 to form a Ni — Fe — Mn three-element alloy layer in the 
and the antiferromagnetic layers 13 provided on both sides NiFe/FeMn boundary surface due to diffusion by heat treat- 
of the free ferromagnetic layer 7. ment. However, it can be understood that this method has no 

As described above, the exchange anisotropic magnetic 60 effect on improvement in corrosion resistance which is the 
field produced in the contact boundary with the antiferro- greatest problem, and this method has a problem in that the 
magnetic layers is used as the longitudinal bias in the AMR required heat treatment time is as long as 20 to 50 hours, and 
head, the bias for the pinned ferromagnetic layer in a spin thus deteriorates the efficiency of manufacture, 
valve head, and the bias for the free ferromagnetic layer. As On the other hand, Mn system alloys such as NiMn, 
result, a magnetoresistive head exhibiting good linear 65 PtMn, AuMn, RhMn 3 and the like are shown as antiferro* 
response and the effect of suppressing Barkhausen noise is magnetic materials in an existing publication, e.g., "Mag- 
realized, netic Material Handbook" issued by Asakura Shoten. 
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However, there is no comment about an exchange anisotro- In order to achieve the objects of the present invention, 

pic magnetic field in the contact boundary surface with the there is provided a magnetoresistive sensor comprising at 

ferromagnetic layer, and characteristics of an antiferromag- least two ferromagnetic layers provided with a non-magnetic 

netic layer itself and exchange anisotropic magnetic field in layer therebetween; a coercive force increasing layer com- 

a super thin film having a thickness of several hundreds A 5 prising a first antiferromagnetic layer provided adjacent to 

are not entirely clear. one of the ferromagnetic layers, for increasing the coercive 

In the element structure shown in FIG. 14, the free force of mat ferromagnetic layer to pin magnetization rever- 

ferromagnetic layer 7 to which the bias is applied by the sal thereof, the other ferromagnetic layer having freed 

righl and left hard magnetic layers 11 tends to become an magnetization reversal; and a second antiferromagnetic 

insensitive region where the magnetization direction in the io layer comprising an antiferromagnetic material provided 

track end portions (the region denoted by reference numeral adjacent to the other ferromagnetic layer having freed mag- 

16 in FIG. 14) near the hard magnetic layers U is hardly netization reversal, for applying a longitudinal bias to the 

changed. Therefore, when the track width is decreased with other ferromagnetic layer to induce unidirectional magnetic 

improvement in the recording density of the recording anisotropy to stabilize a magnetic domain, 

magnetic medium, this structure possibly causes a problem, is In the present invention, the magnetization direction of 

The element structure using an exchange coupling bias the ferromagnetic layer having pinned magnetization rever- 

shown in FIG. 15 can thus become promising, but the sal is preferably substantially perpendicular to the magnc- 

structure has the problem below when a longitudinal bias is tization direction of the ferromagnetic layer having free 

applied to the spin valve element structure by the exchange magnetization without an external magnetic field, 

coupling bias method. 20 In the present invention, the coercive force increasing 

In the spin valve element structure shown in FIG. 15, layer comprises a-Fe 2 0 3 , and the coercive force of the 
rotation of magnetization of the pinned ferromagnetic layer ferromagnetic layer having magnetization reversal pinned 
9 is fixed by the antiferromagnetic layer 10, while the by the coercive force increasing layer is preferably higher 
magnetization direction of the track end portions of the free than the unidirectional exchange bias magnetic field simul- 
ferromagnetic layer 7 is fixed for the longitudinal bias by the 25 taneously induced in the ferromagnetic layer by a-Fe 2 0 3 . 
antiferromagnetic layers 13. A difference between the mag- 
netization directions in which the antiferromagnetic layer 10 BRIEF DESCRIPTION OF SEVERAL VIEWS OF 
and the antiferromagnetic layers 13 are respectively fixed is THE DRAWINGS 

90 • 30 FIG. 1 is a sectional view showing a magnetoresistive 

The magnetization direction of each of the magnetic sensor in accordance with a first embodiment of the present 

layers is generally controlled by deposition in a magnetic invention; 

field or annealing in a magnetic field after deposition. FIG. 2 is a drawing showing the magnetization direction 

However, it is very difficult to control the magnetization of cach of the ferromagnetic layers in the sensor shown in 

direction of the antiferromagnetic layer 10 which is depos- 35 pjQ j. 

ited after the antiferromagnetic layers 13 are deposited, " * _ . t . 

without distorting the magnetization direction of thTanti- na - 3 K a ^ ct,onal ™ w shovn °? a ^^TT 

ferromagnetic layers 13. sensor m accordance Wllh » ««>nd embodiment of the 

present invention: 

Also a technique is disclosed in U.S. Pat. No. 5,528,440 . . , . .... 

in which the above problems arc solved by using magnetic m . *| a 4 15 a P ereoectlve Vlcw a muJ magnetic 

films having different Ncel temperatures and employing !> ead » m P rBin E * magnetoresistive sensor of the present 

different heat treatment temperatures for the respective invention, 

magnetic films. However, this technique also has the need 5 fe a sectional view showing a principle portion of 

for using an FeMn alloy having a low Neel temperature, and me tnm magnetic head shown in FIG. 4; 

thus has a problem in that the drawback of low corrosion 45 FIG. 6 is a perspective view showing the thin film 

resistance and the drawback of sensitivity to a temperature magnetic head shown in FIG. 4, with a sectional portion; 

change due to the blocking temperature cannot be solved. FIG. 7 is a graph showing the curve of resistance change 

SUMMARY OF THE INVENTION „ 

FIG. 8 is a graph showing the blocking temperatures of 

The present invention has been achieved in consideration 50 magnetoresistive sensor samples using a-Fe 2 O a ; 

of the above situation, and an object of the invention is to FIG. 9A is a drawing showing the magnetizing curve of 

provide a magnetoresistive sensor with excellent corrosion a mned ferromagnetic layer> a * d H g!9B fe % drawi 

resistance and linear response in which a necessary sufficient showin ^ magnetoresislance curve of a magnetoresistive 

exchange anisotropic magneUc field can be applied in a thin sensor- 

film, and Barkhausen noise is suppressed. „ n * + A . , . , , 

a- *u u- ~* e .u * • • . " FIG. 10 is a sectional view showing a first example of 

Another object of the present invcnuon is to provide a convention magnetoresistive sensots; 

magnetoresistive sensor in which by providing an antifcr- + % . . , . . . , , 

romagnetic layer having a high blocking temperature, the nG ' f 1 » a sectional view showmg a second example of 

linear response and resistance to temperature changes are conventional magnetoresistive sensors; 

improved and Barkhausen noise is suppressed. 60 FIG - 12 IS a sectional view showing a third example of 

A further object of the present invention is to provide a conventional magnetoresistive sensors; 

method of manufacturing a magnetoresistive sensor having 13 is a sectional view showing a fourth example of 

the above excellent properties, which has no need for heat conventional magnetoresistive sensors; 

treatment in a magnetic field for a long time using special FIG. 14 is a sectional view showing a fifth example of 

heat treatment equipment, which can manufacture the sensor 65 conventional magnetoresistive sensors; and 

by usual heat treatment, and which can reduce the heat FIG. 15 is a sectional view showing a sixth example of 

treatment time, as compared with a conventional method. conventional magnetoresistive sensors. 
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DESCRIPTION OF THE PREFERRED layer for applying the longitudinal bias is produced by 

EMBODIMENT forming the ferromagnetic layer while applying a magnetic 

Id order to achieve the objects of the present invention, |? eld " effe *ing ^eat treatment in a magnetic field after the 

there is provided a magnetoresistive sensor comprising at fo ™ a tion of the ferromagnetic layer; and 

least two ferromagnetic layers provided with a non-magnetic 5 the magnetization direction of the ferromagnetic layer 

layer therebetween; a coercive force increasing layer com- having pinned magnetization reversal which is provided 

prising a first antiferromagnetic layer provided adjacent to adjacent to the coercive force increasing layer is determined 

one of the ferromagnetic layers, for increasing the coercive m me pennaneui magnetization step after the step for 

force of that ferromagnetic layer to pin magnetization rever- determining the direction of the magnetic anisotropy of the 

sal thereof, the other ferromagnetic layer having freed 10 ferromagnetic layer having free magnetization reversal, 

magnetization reversal; and a second antiferromagnetic When manufacturing the magnetoresistive sensor in 

layer comprising an antiferromagnetic material provided which the ferromagnetic layer having free magnetization 

adjacent to the other ferromagnetic layer having freed mag- reversal is formed with the width of the magnetic sensing 

netization reversal, for applying a longitudinal bias to the region corresponding to the track width, and a laminate of 

other ferromagnetic layer to induce unidirectional magnetic 15 me antiferromagnetic layer of an antiferromagnetic material 

anisotropy to stabilize a magnetic domain. and another ferromagnetic layer is formed on either side of 

In the present invention, the magnetization direction of me ferromagnetic layer to apply the longitudinal bias, pre- 

the ferromagnetic layer having pinned magnetization rever- ferred c 00 ^ 110115 are the following: 

sal is preferably substantially perpendicular to the magne- 2Q unidirectional magnetic anisotropy induced in the 
tization direction of the ferromagnetic layer having freed ferromagnetic layer which is provided adjacent to the anti- 
magnetization without an external magnetic field. ferromagnetic layer to form each laminate is produced by 
In the present invention, the coercive force increasing J™ 1 * * c ^magnetic layer while applying a magnetic 
layer comprises a-Fe^, and the coercive force of the * eld °f ^tClmgbM treatmen in a magnetic layer after 
ferromagnetic layer having magnetization reversal pinned 2 5 formatlon of l . nc ferromagnetic layer; and 
by the coercive force increasing layer is preferably higher , ^ e magnetization direction of the ferromagnetic layer 
than the unidirectional exchange bias magnetic field simul- h ^ m 8 P mned magnetization reversal which is provided 
taneously induced in the ferromagnetic layer by a-Fe 2 0 3 . adjacent to the coercive force increasing layer is determined 

- w , . ». #u a " T m the permanent magnetization step after the step for 

In die present invention tte second anuferromagneUc determim ^ g thc direc ^ n of & misotopy , he 

layer for applymg the lonptadinal bias k preferably pro- 30 fem) * fc , of each lamin ttc. 

video on either end side of the magnetic sensing region of A \ 4 . . ^ 4 

the other ferromagnetic layer having free magnetization . em ^T ° f t !TS M mvent,on ^ described 

reversal with a space, which equals to the predetermined ^tb reference to the drawmgs. 

track width corresponding to the width of the magnetic FIa 1 shows a magnetoresistive sensor in accordance 

sensing region, so as to be adjacent to the other fciromag- 35 with an embodiment of the present invention. The magne- 

netic layer toresistive sensor comprises a coercive force increasing 

In the present invention, the ferromagnetic layer having lay ° r 8 fe ™ m »Sf 'if a non-magnetic layer 33 
free magnetization reversal is formed with the width of the a fcrroina f eUc 34 wh » ch are laminated m turn on 

mn „ nat rL - . » .u * i *j*u thc coercive force increasing layer 31, antiferromagnetic 

magnetic sensing region corresponding to the track width, , . ... . *iTj c . , 

^aL L *• i j *u 40 layers 35 laminated on both ends of the ferromagnetic layer 

and a laminate of an antiferromagnetic layer and another 40 ^ ^ a therebetween corresoondinc to the track 

ferromagnetic layer laminated on this antiferromagnetic .... X * * ~ <%* i i • * j *u 

. **r . ' ... . A c *u *u e *■ width TW, lead layers 36 respectively laminated on the 

layer is formed on either side of the other ferromagnetic , ;4 - ' , * J 7 . . . 

layer having free magnetization reversal to apply the tongi- «*?™»«BP««« lw 35 and an upper insulation layer 37 

tudinal bias to the other ferromagnetic layer animated to cover the lead layere 36 and the ferromagnetic 

_ ^ - mm . • , . . . . as layer 34. In the structure of this embodiment, the coercive 

Further, the ferromagnetic layer laminated on the second force increasirjg layer 31 , tne ferromagnetic layer 32, thc 
antrfenomagnetic layer for applymg the longitudinal bias noo .rnagnetic layer 33 and the ferromagnetic layer 34 con- 
preferably comprises an amorphous thin film. stitute a spin-valve magnetoresistive element 30. 

The antiferromagnetic layer for applying the longitudinal ^ coercive force increasing layer 31 acts magnetic 

bias preferably comprises a X— Mn alloy (wherein X indi- 5Q exchange coupling force on the ferromagnetic layer 32 

cates at least one of Pt, Pd, Ir, Ru and Rh) type alloy thin iorme d thereon to increase the coercive force of the ferro- 

" lm * magnetic layer 32 and pin the magnetization direction 

The present invention further provides a magnetic head thereof. The coercive force increasing layer 31 comprises 

comprising the magnetoresistive sensor constructed as a-Fe^O^ having a high, Neel temperature, 

described above. 55 Q f tne ferromagnetic layers 32 and 34 comprises a 

On the other hand, when manufacturing the magnetore- thin film of a ferromagnetic material, particularly, an Ni — Fe 

sistive sensor in which the second antiferromagnetic layers alloy, a Co — Fe alloy, an Ni — Co alloy, Co, an Ni — Fe — Co 

for applying the longitudinal bias are provided on both end alloy or the like. Alternatively, thc ferromagnetic layer 32 

sides of the magnetic sensing region of thc ferromagnetic may comprise a Co layer, and the ferromagnetic layer 34 

layer having free magnetization reversal opposite to each 60 may comprise an Ni — Fe alloy layer or a laminated structure 

other with a space therebetween, which equals to the pre- of a Co layer and an Ni — Fe alloy layer. In the case of a 

determined track width corresponding to the width of the two-layer structure of a Co layer and an Ni — Fe alloy layer, 

magnetic sensing region, so as to contact the ferromagnetic a thin Co layer may be disposed on the non-magnetic layer 

layer, preferred conditions are the following: side. 

The unidirectional magnetic anisotropy induced in the 65 This is because in a giant magnetoresistive effect gener- 

ferromagnetic layer having free magnetization reversal ating mechanism having a structure comprising the non- 

which is provided adjacent to the second antiferromagnetic magnetic layer 33 held between the ferromagnetic layers 32 
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and 34, the Co/Cu boundary surface has the large spin- an ti ferromagnetic layers 35 improves environmental 

dependent scattering effect of conduction electrons, and a resistance, prevents the occurrence of noise in detection of 

structure comprising the ferromagnetic layers 32 and 34 the leakage magnetic field from a recording magnetic 

made of the same material has the lower possibility of medium and enables high-quality magnetic detection. Since 

causing factors other than the spin-dependent scattering of 5 the antiferromagnetic layers 35 of the X — Mn alloy has no 

conduction electrons and a higher magnetorcsistive effect need for heat treatment at high temperature for a long time, 

than a structure comprising the ferromagnetic layers made of it has the low possibility of producing element diffusion 

different materials. For this reason, when the ferromagnetic between the respective magnetic layers under heating, and 

layer 32 comprises Co, it is preferable that a Co layer having causes no problem of change and deterioration in magnetic 

a predetermined thickness is provided on the non-magnetic 10 properties or breaking of the insulation layer, 

layer side of the ferromagnetic layer 34. Alternatively, the The upper protective layer 37 is provided for setting the 

ferromagnetic layer 34 may have a concentration gradient gap between the upper protective layer 37 and an upper 

layer in which the non-magnetic layer side of the ferromag- shielding magnetic layer, and preventing oxidation of the 

netic layer 34 is put into an alloy state containing much Co; ferromagnetic layer 34. The upper protective layer 37 pref- 

and the Co concentration gradually decreases toward the is erably comprises an insulating material such as A1 2 0 3 , 

upper protective layer side, without a Co layer separately quartz or the like. 

provided. By providing the antiferromagnetic layers 35 on the 

The non-magnetic layer 33 comprises a non-magnetic ferromagnetic layer 34, a bias in the magnetization direction 

material such as Cu, Cr, Au. Ag or the like, and is formed to shown by an arrow a in FIG. 1 can be applied to the 

a thickness of 20 to 40 A. If the thickness of the non- 20 ferromagnetic layer 34 by imparting unidirectional anisot- 

magnetic layer 33 is less than 20 A, magnetic coupling ropy thereto to put the ferromagnetic layer 34 into a single 

easily occurs between the ferromagnetic layers 32 and 34. If magnetic domain state. The coercive force increasing layer 

the thickness of the non-magnetic layer 33 exceeds the ratio 31 deposited over the entire surface of the ferromagnetic 

of conduction electrons which are scattered in the boundary layer 32 can pin the magnetization direction of the ferro- 

surfaccs between the non-magnetic layer 33 and the ferro- 25 magnetic layer 32 to arrange the magnetization in the 

magnetic layers 32 and 34 and which cause the magnetore- direction b perpendicular to the drawing of FIG. 1. 

sistive effect is decreased, thereby undesirably decreasing Therefore, the magnetization direction of the ferromagnetic 

the magnetoresistive effect due to the shunt effect of a layer 34 is directed in the direction of the arrow a shown in 

current. FIGS. 1 and 2, and the magnetization direction of the 

The antiferromagnetic layers 35 preferably comprise an 30 ferromagnetic layer 32 is directed in the direction of the 

antiferromagnetic material different from the antiferromag- arrow b so that both magnetization directions can be made 

netic layer 31, for example, a X— Mn alloy having a cross at substantially 90°. 

disordered structure. In this composition formula, X is In the structure shown in FIG. 1, a sensing current is 

preferably at least one of Ru, Rh, Ir, Pd and Pt. ^ supplied to the magnetorcsistive element 3D. 

The Mn system alloy has a disordered crystal structure In the structure shown in FIG. 1, the coercive force of the 

which means a state other than ordered crystal structures ferromagnetic layer 32 is increased by exchange magnetic 

such as the face-centered tetragonal structure (£ct ordered coupling in the presence of the coercive force increasing 

lattice; CuAul structure and the like). Namely, the Mn alloy layer 31 to pin the magnetization direction of the ferromag- 

used in the present invention is not subjected to heat 4Q netic layer 32, and the magnetization direction of the other 

treatment at high temperature for a long time for making it ferromagnetic layer 34 is freed in a region corresponding to 

an ordered crystal structure (the CuAul structure or the like) the track width TW. As a result, a difference in coercive 

such as the face-centered tetragonal structure after a film of force occurs between the ferromagnetic layers 32 and 34, 

the Mn alloy is deposited by sputtering. The disordered thereby obtaining the giant magnetoresistive effect. Namely, 

crystal structure means a state where the film is formed by 45 when an external magnetic field such as the leakage mag- 

a deposition method such as sputtering without further netic field from the recording magnetic medium which is 

treatment, or a state the deposited film is then annealed. moved in the Y direction acts on the central region corre- 

When X in the X — Mn alloy denotes a single metal atom, sponding to the track width TW in the ferromagnetic layer 

the X contents of Ru, Rh, Ir, Pd and Pt are preferably within 34 having tree magnetization rotation, the magnetization 

the ranges of 10 to 45 atomic %, 10 to 40 atomic 10 to 40 50 direction of the ferromagnetic layer 34 is easily rotated, and 

atomic %. 10 to 25 atomic % and 10 to 25 atomic %, the resistance of the magnetoresistive element 30 easily 

respectively. In these ranges, 10 to 45 atomic % means not changes with the rotation, Therefore, magnetic information 

less man 10 atomic % and not more than 45 atomic %, and of the recording magnetic medium can be read by measuring 

the upper and lower limits of all numerical ranges indicated the change in resistance. 

by " " are defined by "not less than" and "not more than*', 55 Also, since at the time of the change in resistance, the 

respectively. ferromagnetic layer 34 is put into a single magnetic domain 

The antiferromagnetic layers 35 of the X — Mn type alloy state, and the longitudinal bias is applied thereto, the change 

having the disordered crystal structure are capable of apply- in resistance can be obtained with good linear response 

ing the longitudinal bias to the ferromagnetic layer 34 due to without causing Barkhausen noise. 

unidirectional anisotropy, and pinning the rotation of mag- go In the structure shown in FIG. 1, since the coercive force 

netization at both ends of the ferromagnetic layer 34 which increasing layer 31 comprises a-Fe^O^ which is an oxide 

contacts the ferromagnetic layers 35. and has excellent corrosion resistance and a high Neel 

Also the antiferromagnetic layers 35 of the X — Mn sys- temperature, as compared with FeMn, the structure has high 

tem alloy have excellent corrosion resistance and less varia- resistance to a temperature change. 

tion in the exchange anisotropic magnetic field (Hex) with a 65 FIG. 3 shows a magnetoresistive sensor in accordance 

temperature change, as compared with conventional antifer- with another embodiment of the present invention. The 

romagnetic layers of Fe — Mn. Therefore, the use of the magnetoresistive sensor of this embodiment comprises a 
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coercive force increasing layer 41, a pinned ferromagnetic 
layer 42, a non-magnetic layer 43 and a free ferromagnetic 
layer 44, which constitute a laminate 45 having a trapezoidal 
section; antiferromagnetic layers 46 provided on both sides 
of the laminate 45; a ferromagnetic layer 47 and an electri- 
cally conductive layer 48 which are laminated on each of the 
antiferromagnetic layers 46. In this embodiment, the anti- 
ferromagnetic layers 46 are provided so that the ends thereof 
cover the sides of the antiferromagnetic layer 41, the pinned 
ferromagnetic layer 42 and the non-magnetic layer 43, and 
cover the sides of the free ferromagnetic layer 44 to about a 
half of the thickness thereof. The ferromagnetic layers 47 on 
the antiferromagnetic layers 46 are provided so that the ends 
thereof cover the sides of the free ferromagnetic layer 44 to 
about a half of the thickness thereof. The relation between 
the thicknesses of the respective layers is not limited to that 
shown in FIG. 1. The positions of the antiferromagnetic 
layers 46 and the ferromagnetic layers 37 may be reversed, 
or many antiferromagnetic layer 46 and the ferromagnetic 
layer 47 may be alternately laminated. 

In the above-mentioned structure, the coercive force 
increasing layer 41, the pinned ferromagnetic layer 42, the 
non-magnetic layer 43, and the free ferromagnetic layer 44 
comprise the same materials as the coercive force increasing 
layer 31, the ferromagnetic layer 32, the non-magnetic layer 
33 and the ferromagnetic layer 34, respectively, used in the 
first embodiment. The antiferromagnetic layers 46 prefer- 
ably comprise the same material as the antiferromagnetic 
layers 35 used in the first embodiment, and the ferromag- 
netic layers 47 preferably comprise a ferromagnetic layer of 
an amorphous material such as CoNbZr, CoFeB, CoFeZr or 
the like, or a laminated film comprising one of these layers 
and a crystalline film of a NiFc alloy or the like. 

In the structure shown in FIG. 3, the magnetization 
direction of the ferromagnetic layers 47 can be pinned in the 
direction of the arrow a shown in FIG. 3 by the unidirec- 
tional anisotropy of the antiferromagnetic layers 46, and at 
the same time, the magnetization direction of the free 
ferromagnetic layer 44 can be directed to the same direction 
of the arrow a as the magnetization direction of the ferro- 
magnetic layer 47, to apply the longitudinal bias to the free 
ferromagnetic layer 44. The magnetization direction of the 
pinned ferromagnetic layer 42 is pinned to the direction of 
the arrow b shown in FIG. 3 by the coercive force increasing 
layer 41. 

As described above, the free ferromagnetic layer 44 and 
the ferromagnetic layers 47 can be put into a single magnetic 
domain region, and the magnetization direction of the free 
ferromagnetic layer 44 can be made cross the magnetization 
direction of the pinned ferromagnetic layer 42 at right 
angles. 

When the ferromagnetic layers 47 comprise an amor- 
phous ferromagnetic material, there is the advantage of 
introducing a sensor exhibiting less side reading (reading the 
magnetic field of the recording magnetic medium in a region 
other than the track region) and less dispersion in unidirec- 
tional anisotropy because the amorphous ferromagnetic 
layer has a little MR effect. 

In the structure of this embodiment, since the free ferro- 
magnetic layer 44 can be put into a single magnetic domain 
state to apply the longitudinal bias to the ferromagnetic layer 
44, a change in resistance can be obtained with good linear 
response without causing Barkhausen noise, as in the struc- 
ture of the first embodiment. 

FIGS. 4 to 6 shows an example of the structure of a thin 
film magnetic head having the element structure shown in 
FIG. 1 or 3. 



The magnetic head HA of this example is a floating type 
which is loaded on a hard disk drive or the like. In a slider 
51 of this magnetic head HA, the side shown by (i) in FIG. 
4 is the leading side on the upstream side in the direction of 
5 movement of the disk surface, and the side shown by (ii) in 
FIG. 4 is the trailing side. On the side of the slider 51 
opposite to a disk are formed rail-shaped ABS surfaces 51a 
and Sib, and an air groove 51c. 

On the side Sid of the slider 51 on the trailing side is 
i° provided a thin film magnetic head 50. 

The thin film magnetic head SO of this example is a 
combination magnetic head having the sectional structures 
shown in FIGS. 5 and 6, and comprises a MR bead (reading 
head) h 1 and an inductive bead (writing head) h 2 , which are 
15 laminated in him on the side Sid of the slider 51 on the 
trailing side. 

The MR head h x of this example detects the leakage 
magnetic field from the recording magnetic medium such as 
a disk or the like by using the magneto resistive effect to read 
a magnetic signal. As shown in FIG. 5, the MR head h 2 
comprises a lower gap layer 53 comprising a magnetic alloy 
such as sendust (Fe — Al — Si) and formed on the trailing 
side of the slider 51, and a upper gap layer 54 formed on the 
lower gap layer 53 and comprising a non-magnetic material 
such as aluminum oxide (A1 2 0 3 ) or the like. On the upper 
gap layer 54 is laminated a magnetoresistive sensor having 
the structure shown in FIG. 1 or 3 and serving as a 
giant-magnetoresistive element. On the magnetoresistive 
sensor are further formed in turn an upper gap layer com- 
prising alumina and an upper shielding layer. The upper 
shielding layer is also used as a lower core layer 55 of the 
inductive head lu provided on MR head h 1 . 

The inductive head h2 comprises the lower core layer 55, 
35 a gap layer 64 formed on the lower core layer 55, and a coil 
layer 66 formed on the gap layer 64, patterned to a plane 
spiral form, and included in an insulating material layer 67. 
The end 68a of an upper core layer 68 formed on the 
insulating material layer 67 is opposite to the lower core 
40 layer 55 with a small gap therebetween on the ABS surface 
516, the base end 68b thereof being magnetically connected 
to the lower core layer 55. On the upper core layer 68 is 
provided a protective layer 69 comprising alumina or the 
like. 

45 In the inductive head h 2 > a recording current is given to the 
coil layer 66, and given to the core layer from the coil layer 
66. A magnetic signal can thus be recorded on the recording 
magnetic medium such as a hard disk by the leakage 
magnetic field from the magnetic gap G between the ends of 

50 the lower core layer 55 and the upper core layer 68. 

In the MR head h lf since the resistance of the ferromag- 
netic layer 44 changes with the presence of the small leakage 
magnetic field from the recording magnetic medium such as 
the hard disk, recording contents of the recording medium 

55 can be read by reading the change in resistance. 

Further, since the magnetic head HA constructed as 
described above comprises the magnetoresistive sensor hav- 
ing the above structure, it is possible to obtain a change in 
resistance with good linear response without Barkhausen 

60 noise, and a higher MR ratio than a conventional magnetic 
head. The magnetic head HA thus has the property of 
excellent reading performance. 

The magnetoresistive sensor having the structure shown 
in FIG. 1 can be formed by placing a substrate of Al 2 0 3 -TiC 

65 in a chamber of high frequency magnetron sputtering equip- 
ment or ion-beam sputtering equipment, and depositing 
required layers in turn in an inert gas atmosphere of Ar gas 
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or the like in Ihe chamber. The required targets for depos- 
iting the layers are an a-A^C^ target, a Ni — Fe alloy target, 
a Cu target, etc 

In manufacture of the magnetoresistive sensor of the 
present invention shown in FIG. 3, the coercive force 
increasing layer 41 comprising (a-Al 2 0 3 is formed on the 
substrate by sputtering while applying a magnetic field in the 
Z direction shown in FIGS. 1 and 3 in an atmosphere under 
an At gas pressure of 3 mTorr or less, the two ferromagnetic 
layers 42 and 44 are formed on the coercive force increasing 10 
layer 41 to hold the non-magnetic layer 43 therebetween, 
and at the same time, portions of these layers other than a 
portion thereof corresponding to the track width are 
removed by a photolithography process and an ion milling 
method-to form the laminate 45. ]5 

The antiferromagnetic layers 46, the amorphous ferro- 
magnetic layers 47 and the electrically conductive layers 48 
are then laminated on both ends of the laminate 45 by 
sputtering while applying a magnetic field at right angles 
with the direction of previous application of the magnetic 20 
field. A magnetic field in the direction perpendicular to the 
drawing of FIG. 3 is then applied for permanent magneti- 
zation of the pinned ferromagnetic layer 42. 

The above-described treatment permits achievement of 
the magnetoresistive sensor having the structure shown in 25 
FIG. 3 in which the magnetization direction of the pinned 
ferromagnetic layer 42 crosses at 90° the magnetization 
direction of the ferromagnetic layer 44. 

In manufacture of the magnetoresistive sensor having the 
structure shown in FIG. 1, the coercive force increasing 30 
layer 31, the ferromagnetic layer 32, the non-magnetic layer 
33 and the ferromagnetic layer 34 are laminated, and then 
the antiferromagnetic layers and the electrically conductive 
layers are laminated. The central portions of the ferromag- 
netic layers and the electrically conductive layers are 35 
removed by the photolithographic process, and the upper 
protective layer 37 is formed thereon. In formation of each 
of these layers, the coercive force increasing layer 31 is 
deposited while applying a magnetic field in the direction 
corresponding to the Z direction shown in FIGS. 1 and 3, 40 
and the antiferromagnetic layers 35 are deposited while 
applying a magnetic field in the direction corresponding to 
the X direction shown in FIGS. 1 and 3. Finally, a magnetic 
field in the direction perpendicular to the drawing of FIG. 1 
is applied for permanent magnetization of the pinned fcrro- 45 
magnetic layer 32. 

The above-described treatment permits achievement of 
the magnetoresistive sensor having the structure shown in 
FIG. 1 in which the magnetization direction of the pinned 
ferromagnetic layer 32 crosses at 90° the magnetization 
direction of the ferromagnetic layer 34. 

EXAMPLES 

On an AI2O3 — TiC substrate coated with an A1 2 0 3 film 
was formed a laminate having the structure below by using 55 
high frequency magnetron sputtering equipment and a plu- 
rality of targets to manufacture a magnetoresistive sensor 
having the structure shown in FIG. 3. 

In this process, a coercive force increasing layer of 
a-F^Oa, a ferromagnetic layer of an Ni^Fe^ alloy, a 60 
non-magnetic layer of Cu, a ferromagnetic layer of an 
NigoFe^n alloy and a protective layer of Ta had thicknesses 
of 500 A, 30 A, 20 A, 75 A and 30 A, respectively. In order 
to provide the pinned ferromagnetic layer with anisotropy in 
the direction of the arrow b shown in FIG. 3, this layer was 65 
deposited while applying a magnetic field of 200 Oe in the 
direction of the arrow b. 



Both end portions of the thus-obtained laminate were 
removed by the photolithography process and the ion mill- 
ing method, leaving a portion having a track width (the 
width of the magnetic sensing portion) of 2 /on. On both 
sides of the left magnetic sensing portion were laminated, by 
sputtering, antiferromagnetic layers (Pt 50 Mn 50 ) having a 
thickness of 300 A, amorphous layers (C6 68 Nb a Zr 4 ) having 
a thickness of 200 A, and electrically conductive layers 
having a thickness of 700 A. In this lamination, a magnetic 
field of 200 Oe was applied in the direction at 90° with the 
direction of the previous applied magnetic field. 

Finally, patterning is carried out so that a track width of 
2 pm, and a height (the height in the direction perpendicular 
to the drawing of FIG. 3) of 1 fan were obtained, and a 
magnetic field of 2 kOe was applied in the height direction 
(the direction perpendicular to the drawing of FIG. 3) for 
permanent magnetization of the pinned ferromagnetic layer. 

In some samples, annealing in a magnetic field was 
carried out at 250° C. for 5 hours while applying a magnetic 
field in the direction of the track width (the lateral direction 
of FIG. 3) before permanent magnetization in the height 
direction. 

The magnetoresistance curve of the magnetoresistive sen- 
sor sample obtained by the above manufacturing method 
was measured in a low magnetic field. The results obtained 
are shown in Table 1 and FIG. 7. In this measurement, the 
magnetic field was applied in the height direction. 

TABLE 1 



50 





Magneto* 








Ferro magnetic 


resistance 


Linearity 




Barkhausen 


layer 


ratio (*50 Oe) 


(±50 Oe) 


Hysteresis 


noise 


PtioMn^ 


3.1% 


good 


no 


no 


PdjoMiiso 


3.6% 


good 


no 


no 


Pd 30 Pt 20 Mn5o 


3.0% 


good 


no 


no 


Ni 5O Mn 50 


2.8% 


good 


no 


no 


RU5qMD5 0 


3.4%. 


good 


no 


no 


Cf 52 Mn48 


2.8% 


good 


no 


no 


IfisMttas 


2.9% 


good 


no 


no 


3.1% 


good 


no 


no 




3.0% 


good 


no 


no 



FIG. 7 indirectly shows that the resistance value in zero 
magnetic field is at substantially the center between the 
maximum and minimum resistance values, and the magne- 
tization directions cross at right angles. Since the resistance 
value in zero magnetic field is at substantially the center, it 
can be said that even if an external magnetic field changes 
within the range of about ±50 Oe, linearity is good, and the 
dynamic range is wide. It is also found that the sample 
exhibits neither hysteresis nor Barkhausen noise, and thus 
has preferable properties as a reading magnetic head. 

The results indicate that the magnetoresistance ratio 
within the range of ±50 Oe is 3.1%, and the output is very 
high. Other samples were manufactured by the same method 
as described above except that the antiferromagnetic layers 
were deposited by respectively using PdMn, PdPtMn, 
NiMn, RuMn, CrMn, FeMn, IrMn, and RbMn in place of 
PtMn, and then measured by the same method. Table 1 
indicates that the other samples also have excellent effects. 

FIG. 8 shows the blocking temperature Tb of a magne- 
toresistive sensor sample comprising a-Fe 2 0 3 which was 
previously proposed by the inventors in Japanese Document 
No. A2 8-7235. For comparison, FIG. 8 also shows the 
temperature properties of a sample having the comparative 
structure (a laminate of NiFe/Cu/NiFe/FeMn (110 A) and a 
laminate of NiFe/Cu/CoPt (80 A)) disclosed in Japanese 
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Document No. A2 8-7235, and a sample comprising NiO in perpendicular to (he magnetization direction of the ferro- 

place of FcMn. In FIG* 8, Hbp represents a bias magnetic magnetic layer having free magnetization reversal, and 

field where the magnetization reversal of the NiFe film obtain a magnctoresistive sensor to which the longitudinal 

adjacent to the antiferromagnetic film was shifted, and Hep bias was applied. 

represents the coercive force by this hysteresis. 5 Further, the unidirectional magnetic anisotropy induced in 

The results shown in FIG. 8 indicate that the magneto re- the ferromagnetic layer, which is adjacent to the antifcrro- 

sistive sensor sample comprising a-Fe^Oj also has excellent magnetic layer to form a laminate, is produced by forming 

heat resistance. This is possibly due to the fact that the Neel the ferromagnetic layer while applying a magnetic field 

temperature (677° C.) of a-Fe 2 0 3 is higher than those of thereto or performing heat treatment in a magnetic field after 

FeMn and NiO. io W e formation of the ferromagnetic layer, and the magneti- 

Thereforc, the magnetoresistive sensor sample compris- zation direction of the ferromagnetic layer adjacent to the 

ing a-Fc 2 0 3 can provide a magnetoresistive sensor exhib- coercive force increasing layer and having pinned magnc- 

iting less deterioration in properties due to a temperature tization reversal is determined by the permanent magneti- 

changc. zation process after the process for determining the magnetic 

FIG. 9A shows the magnetizing curve of the pinned 15 anisotropy of the ferromagnetic layer of the laminate. It is 

ferromagnetic layer adjacent to the coercive force increasing 10115 possible to make the magnetization direction of the 

layer (a-Fe 2 0 3 or the like), and FIG. 9B shows the magne- ferromagnetic layer having pinned magnetization reversal 

toresistance curve of a spin-valve magnetoresistive sensor substantially perpendicular to the magnetization direction of 

comprising the same pinned ferromagnetic layer. Each of me ferromagnetic layer having free magnetization reversal, 

FIGS. 9 A and B show the values of the coercive force (H c ) 20 and obtain a magnctoresistive sensor to which the longitu- 

and the exchange bias magnetic field (H b ) which have the du3al b *as was applied. 

relation of H„>H 6 . On the other hand, the ferromagnetic In the present invention, the antiferromagnetic layer corn- 
layers adjacent to the antiferromagnetic layers 46 have the prising an antiferromagnetic material is provided for induc- 
revcrsc relation H«.<Hj,. In this case, unidirectional anisot- ing the unidirectional magnetic anisotropy in the fcrromag- 
ropy is produced. In this specification, it is defined that 25 netic layer having free magnetization reversal to stabilize the 
unidirectional anisotropy occurs in the ferromagnetic layer magnetic domain thereof. Therefore, it is possible to put the 
having such a relation. ferromagnetic layer into a single magnetic domain state. In 

As described above, in the present invention, the ferro- addition, the magnetization direction of the ferromagnetic 

magnetic layers provided adjacent to the magnetoresistive M layer can be differentiated from the magnetization direction 

element in the magnetic sensing region comprises an amor- of the ferromagnetic layer having pinned magnetization 

phous thin film. Since the amorphous ferromagnetic layer reversal by an external magnetic field to produce a change 

has a little MR effect, it is possible to produce a sensor m resistance. The external magnetic field can be detected by 

having less side reading (reading a magnetic field of a mis change in resistance with good sensitivity, and the 

recording magnetic medium in a region other than the track Barkhausen noise can be eliminated. Further, when the 

region) and less dispersion of unidirectional anisotropy. ferromagnetic layer is put into a single magnetic domain 

The use of the antiferromagnetic layer for applying the state » a magnetic field can be detected with excellent linear 

longitudinal bias, which comprises X — Mn (wherein X response. 

indicates at least one of Pt, Pd, Ir, Ru and Rh) can provide Since the magnetization direction of the ferromagnetic 

a sensor having excellent corrosion resistance and less ^ layer having pinned magnetization reversal is at 90° with the 

changes in the exchange anisotropic magnetic field with magnetization direction of the ferromagnetic layer having 

temperature changes. Within a composition range of X — Mn frec magnetization reversal, a high magnetorcsistance ratio 

system alloys a film of this alloy deposited by sputtering or ca n be obtained efficiently. 

the like can be used without any special heat treatment, and When using an a-Fe 2 0 3 layer as the antiferromagnetic 

thus beat treatment conditions can be moderated, as com- 45 layer for pinning the magnetization direction, it is possible 

pared with a conventional structure. to provide a magnctoresistive sensor having high resistance 

In use of the magnetoresistive sensor having the above to thermal changes and exhibiting no decrease in sensitivity 

structure as a magnetic head, the resistance changes in linear DV thermal changes because of the high Neel temperature of 

response to a small leakage magnetic field from a recording ct-Fe 2 0 3 . 

magnetic medium, and thus it is possible to provide a so Further, the antiferromagnetic layers for applying the 
magnetic head capable of reading magnetic information with longitudinal bias arc provided on both sides of the sensing 
good sensitivity and no Barkhausen noise. region of the ferromagnetic layer having free magnetization 
The unidirectional magnetic anisotropy induced in the reversal with a space therebetween which equals to the 
ferromagnetic layer having free magnetization reversal, predetermined track width corresponding to the width of the 
which is adjacent to the antiferromagnetic layer for applying 55 sensing region so as to be adjacent to the ferromagnetic 
the longitudinal bias, is produced by forming the ferromag- layer. Therefore, the longitudinal bias can be applied to both 
netic layer while applying a magnetic field thereto or per- sides of the sensing region of the ferromagnetic layer due to 
forming heat treatment in a magnetic field after the forma- the unidirectional magnetic anisotropy, and magnetization 
tion of the ferromagnetic layer. In addition, the reversal of the magnetic sensing region of the ferromagnetic 
magnetization direction of the ferromagnetic layer having 60 layer is facilitated. It is thus possible to obtain a change in 
pinned magnetization reversal, which is adjacent to the resistance with good linear response and without 
coercive force increasing layer, is determined in the perma- Barkhausen noise when the longitudinal bias is applied, 
ncnt magnetization process performed after the process for Further, the ferromagnetic layer having free magnetiza- 
determining the magnetic anisotropy of the ferromagnetic tion reversal is formed with the width of the magnetic 
layer having free magnetization reversal. It is thus possible 65 sensing region corresponding to the track width, and a 
to make the magnetization direction of the ferromagnetic laminate of the antiferromagnetic layer comprising an anti- 
layer having pinned magnetization reversal substantially ferromagnetic material and another ferromagnetic layer is 
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formed on either side of the ferromagnetic layer having free 
magnetization reversal. Thus, the longitudinal bias can be 
applied to the ferromagnetic layer due to the unidirectional 
magnetic anisolropy, and magnetization reversal of the fer- 
romagnetic layer is facilitated. It is thus possible to obtain a 5 
change in resistance with good linear response and without 
Barkhausen noise when the longitudinal bias is applied. 
What is claimed is: 

1. A spin -valve magnetoresistive sensor comprising: 

(a) at least two ferromagnetic layers layered with a 10 
non-magnetic layer sandwiched therebetween, said at 
least two ferromagnetic layers including a first and a 
second ferromagnetic layers, said second ferromag- 
netic layer including a magnetic sensing region located 
midway along its longitudinal length, said magnetic 15 
sensing region being substantially equal in longitudinal 
length to a track width; 

(b) a first antiferromagnetic layer layered adjacent to said 
first ferromagnetic layer for increasing the coercive 
force of said first ferromagnetic layer to pin the mag- 20 
netization direction of said first ferromagnetic layer; 

(c) a pair of second antiferromagnetic layers respectively 
layered adjacent to said second ferromagnetic layer on 
each longitudinal side of said magnetic sensing region 25 
for inducing magnetic anisolropy directly in said sec- 
ond ferromagnetic layer to pin the magnetization direc- 
tions in said second ferromagnetic layer on each lon- 
gitudinal side of said magnetic sensing region in a 
direction perpendicular to the pinned magnetization 3Q 
direction of said first ferromagnetic layer, thereby 
imposing a longitudinal bias on the magnetic sensing 
region to stabilize magnetic domains in said magnetic 
sensing region and orient the magnetization direction of 
said magnetic sensing region perpendicular to the 35 
pinned magnetization direction of said first ferromag- 
netic layer in the absence of any external magnetic 
field, whereas, in the presence of an external magnetic 



field, permitting the magnetization direction of said 
magnetic sensing region to freely rotate to the direction 
of said external magnetic field, wherein 

(e) said first antiferromagnetic layer is made of a-Fe 2 O v 
and 

(f) said pair of second antiferromagnetic layers are made 
of an X — Mn system alloy having a disordered struc- 
ture where said X is made of at least one metal selected 
from the group consisting of Pt, Pd, Ir, Ru or Rh. 

2. A spin-valve magnetoresistive sensor according to 
claim 1, wherein the coercive force of said first ferromag- 
netic layer increased by said first antiferromagnetic layer is 
larger than a unidirectional exchange bias magnetic field 
induced in said first ferromagnetic layer by said first anti- 
ferromagnetic layer. 

3. A spin-valve magnetoresistive sensor according to 
claim 1, wherein X is contained in the alloy at: 10 to 45 
atomic % when X is Ru; 10 to 40 atomic % when X is Rh; 
10 to 40 atomic % when X is Ir; 10 to 25 atomic % when X 
is Pd; and 10 to 25 atomic % when X is Pt. 

4. A spin-valve magnetoresistive sensor according to 
claim 1, wherein said at least two ferromagnetic layers arc 
made of at least one material selected from the group 
consisting of a NiFe alloy, a CoFe alloy, a NiCo alloy, Co, 
and a NiFeCo alloy. 

5. A spin-valve magnetoresistive sensor according to 
claim 1, wherein said second ferromagnetic layer comprises 
a Co layer arranged between said second ferromagnetic 
layer and said non-magnetic layer, and a NiFe alloy layer 
arranged on the surface of said second ferromagnetic layer 
opposite to the surface to which said Co layer is arranged. 

6. A spin-valve magnetoresistive sensor according to 
claim 1, wherein said at least two ferromagnetic layers 
comprise a Co layer arranged between said non-magnetic 
layer and each of said at least two ferromagnetic layers. 



